In an aging population, the number of patients affected by heart failure and cancer is constantly increasing and together these two conditions account for more than 50% of all deaths worldwide. Both diseases share similar risk factors including smoking, obesity, and hypertension. Presenting symptoms may also be similar, with patients frequently complaining of dyspnea, fatigue, and anorexia. Many affected patients, especially those with more advanced heart failure or cancer, suffer also from metabolic disorders. These can lead eventually to muscle wasting, sarcopenia, and cachexia. These complications are associated with increased morbidity, a poorer quality of life, a worse prognosis and indeed they represent an independent risk factor for the advancement of the underlying disease itself. Very few therapeutic options have been established to treat these co-morbidities. For sarcopenia the only validated treatment is resistance training. Moreover, there is currently no guideline recommended therapy for the treatment of cachexia. New treatment strategies are urgently needed to prevent and treat muscle and wasting disorders in patients with chronic diseases such as cancer and chronic heart failure.
Introduction
World-wide more than 55 million patients suffer from either cancer or heart failure. 1, 2 More than 5% of all medical expenditure in the western world is related to either cancer and heart failure treatment. [3] [4] [5] Both disease states can mimic each other and often present with similar symptoms such as weakness, dyspnoea, oedema, severe weight loss, anorexia, sleep problems, and depression. 6-10 They share similar risk factors including obesity, hypertension, and tobacco smoking. 11, 12 It is also known that modern day anti-cancer treatments are commonly associated with cardiotoxicity which can aggravate or precipitate acute or chronic heart failure. 13 Newer research has shown that oncometabolites, secreted by tumours, can also cause cardiovascular dysfunction independent of cardiotoxic effects of anti-cancer treatments, 14,15 but much more research is needed is this area. 16, 17 Once heart failure develops it is associated with high 5-year mortality rates of 50% or more. [18] [19] [20] Vice versa it is currently unclear whether heart failure itself can cause cancer. 21, 22 Unfortunately major randomized controlled trials in both conditions usually list the other as an exclusion criterion, so that we have less trial evidence of the interaction between HF and cancer. To better understand the problems 23-25 and necessities 26-28 of both patient groups it is essential to include patients in large scale, multicentre, international registries. 29-32 They enable us to better understand how patients are being treated in a real world scenario 33-35 and how this effects outcomes such as quality of life, morbidity, and mortality. [36] [37] [38] [39] Registries also allow us the unique possibility to examine the wide-range of co-morbidities of heart failure patients. So far, a lot of research has focused on anaemia, 
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These rather new areas of research are a common problem in chronic diseases, gaining growing attention from the scientific community. 60, 61 Recent epidemiological data 62 show that patients affected by chronic heart failure (CHF) or cancer are at major risk of developing these conditions. The prevalence of cachexia in CHF ranges from 5-15% [63] [64] [65] 
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To identify patients that are at increased risk of developing sarcopenia a new symptom score has been introduced: SARC-F. 85 Such scores are important since muscle wasting can even occur in patients one would clinically not suspect to be at increased risk. Hence, it has been shown that sarcopenia also frequently occurs in overweight patients, 86 suggesting that not only a low body mass index (BMI) predicts muscular depletion, but also other factors, such as reduced physical activity. These factors have an incremental role in the development of catabolic processes in the elderly community.
The current gold standard to diagnose sarcopenia is a dual energy X-ray (DXA) scan. 87 Another important, minimal risk and easy to use diagnostic tool to gather more evidence in patients with suspected sarcopenia is bioelectrical impedance spectroscopy. 88 This has been shown to be a good predictor of sarcopenia in normal-and underweight older patients affected by end-stage chronic kidney disease. 89 Lastly, muscle biopsies are also informative, although rarely used in clinical practice. 90 An important validated contribution to define the negative impact on quality of life due to a decline in muscular capacity in sarcopenic patients was recently introduced by the self-administered SarQoL questionnaire.
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Even though sarcopenia is recognized as a separate comorbidity, treatment options remain limited. Evidence is gathering, that resistance training and treatment with aminoacids can prevent worsening of muscle wasting.
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Various other drugs including testosterone, androgen receptor modulators, IGF-1, growth hormones, and drugs targeting the myostatin signalling pathway are currently being investigated for their potential to improve muscle wasting.
94 However, these treatments can also cause unwanted side effects. More effort is needed to discover and investigate new treatments with the aim of improving the burden of morbidity and quality of life occasioned by these muscle-related complications of the common chronic diseases.
Cachexia in heart failure
Cachexia is a multifactorial metabolic disorder 95 that is often seen in patients affected by chronic diseases such as CHF. It is primarily defined by weight loss of more than 5% and other coincident factors like decreased muscle strength, fatigue, anorexia, low fat-free mass index and abnormalities in blood biomarkers (elevated C-reactive protein and/or elevated interleukin (IL)-6, Hb <12 g/dL, or low serum albumin (<3.2 g/dL)). [96] [97] [98] Cachexia occurs when the physiological balance between anabolic and catabolic signalling is dysregulated.
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This is accompanied by clinically evident malnourishment, systemic nutritional deficiencies, increased inflammation cytokines, immune system hyperactivity and neurohormonal alterations. Possible new biomarkers for the diagnosis of cachexia include pre-albumin, as a potential indicator of undernutrition and low-cholesterol levels, as an indicator of worse prognosis in CHF patients.
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Strategies to counteract and prevent the progress of wasting in CHF so far primarily include dietary supplements, while regular physical exercise plays a key role in maintaining the skeletal muscle status and prevent loss of lean mass. 65, 101, 102 Lately, an analysis of the COPERNICUS 103 trial has shown that carvedilol has the potential to stop and partially reverse wasting in cachectic patients with severe CHF (left ventricular ejection fraction <25% and dyspnoea at rest or during minimal work). 
Conclusions
Despite recent progress, more effort is needed to better understand metabolic disorders including muscle wasting and cachexia in heart failure and other chronic diseases in the quest to find specific therapies. More research is needed to prevent and treat these conditions in patients at risk. In clinical practice a multidisciplinary approach is required to optimize the treatment of patients with such co-morbidities. Several ongoing trials have the aim to enhance the knowledge on wasting disorders and prove the effectiveness of new treatment strategies. Beta blocker dose and markers of sympathetic activation in heart failure patients: interrelationships and prognostic significance. Metabolic disorders in heart failure and cancer
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